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a dispersion of polytetrafluoroethyiene in a 
liquid medium-advantageouslv an aqueous 
medium-drying the resulting coating and 
sintering it to yield an adherent film. 

The process is applicable to the coating of 
metals, capable of withstanding heating to the 
sintering temperature i.e. about 350° C 
may either be one expressly prep'ared for the 
purpose of the invention or advantageously, 
the suspcnsiod of that substance in water 
Qft fl from the emulsion polymerisation of 
30 tetrafiuoroethylene. 

It is found that the most adherent and 
durable coatings are thin coatings deposited 
from a moderately dilute aqueous dispersion 
containing say from about 5— ro per cent, bv 
weight of polyterrafluoroethvlene. " 

According to the invention, steos are taken 
to achieve an intimate bonding between the 
thin poh-tetrafluorccthylene film and the metal 
substrate. Thus, for example, the surface of a 
metal substrate may be provided prior to 
deposition thereon of the polnetrafluoro- 
emylene coating with a pre-formed fine 
adherent oxide film to which the poivtetra- 
fluoroethylene film is keyed. Good results have 
been obtained in the ca-e of .i conrcr cubnrate 
with a pre-formL^l oxide film not more than 
about 2,ODo A units thick. In cases where a 
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X, Minister of Supply, of Shell Mex 
House, Strand, Londonj W.C.2, do hereby 
declare the invention, for which I pray that a 
patent may be granted to me, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statenient: — 

This invention relates to the coating of 
metal surfaces with a film of polytctrafluoro- 
ethylene and to the articles so coated. 

The invention aims to provide durable coat- 
ings on metals to enable the same to be used, 
for example, as bearing surfaces, and to pro- 
vide corrosion-resistant surfaces on metal or 
other articles. 

Processes are known in which a film of 
polytetrafluoroethylene is formed in situ on a 
surface by depositing thereon particles from 
a dispersion of polytetrafluoroethylene in a 
liquid medium — advantageously an aqueous 
naedium — drying the resulting' coating" and 
sintering it to yield adherent film. 

The process is applicable to the coating of 
metals, capable of withstanding heating to the 
sintering temperature i.e. about 350* C. 
may either be one expressly prepared for the 
purpose of the invention or advantageously, 
the suspeasiod of that substance in water 
resulting from the emulsion polymerisation of 
tetiafluoroethylene. 

It is found that the most adherent and 
durable coatings are thin coatings deposited 
from a moderately dilute aqueous dispersion 
containing say from about 5 — ro per cent, by 
weight of polytetrafluoroethylene. 

According to the invention, steps are taken 
to achieve an intimate bonding between the 
thin polytetrafluoroethylene film and the metal 
substrate. Thus, for example, the surface of a 
metal substrate may be provided prior to 
deposition thereon of the polytetrafluoro- 
ediylene coating with a pre-formed fine 
adherent oxide film to which the polytetra- 
fluoroethylene film is keyed. Good results have 
been obtained in the ca<:e of a copper substrate 
with a pre-formed oxide film not more than 
about 2,000 4. ™its thick. In cases where a 
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satisfactory polytetrafluoroethylene film can 
be produced on a clean metal surface, it mav 
be necessary to protect the metal substrate 50 
durmg the sintering operation and immediately 
th^eafter from excessive oxidation by heatin^ 
and quenching the coated article in an L.ort 
liquid of high boiling point such as for example 
tetracresyl silicate. Alternatively the heating 56 
and cooling may be carried out in an inert 
gaseous atmosphere e.g. of nitrogen. 

Another method of preventing excessive 
oxidation which may be suitable in some 
circumstances, is to provide the metal sub- 60 
strate with an electro-deposited film of noble 
metal such as for example silver. Moreover, 
very good adhesion may also be obtained bv 
depositmg the polytetrafluoroethylene particl^ 
on a porous sintered metal surface. 

The invention is applicable inter alia to the 
production of very efficient and durable bear- 
mg Imers for bearing surfaces particularly 
where the presence of oil is undesirable oV 
Where high temperature or corrosive conditions TO 
are W^ely to arise during use. The invention 
IS applicable m general, to the production of 
corrosion-resistant coating on metal or other 
articles and especiaUy to the production of 
chemicaUy resistant ajid corrosion-resistant 7& 
coatings on metal articles such as storage 
vessels, reaaion vessels, valves employed in 
handling corrosive fluids and so-forth. 

The invention wOl now be illustrated with 
reference to the production of a thin bearine 80 
liner upon a copper bearing surface. 

A film of a 5 per cent, by weight aqueous 
polytetrafluoroethylene suspensoid was 
deposited on a decreased, pre-oxidised copper 
surface placed in a horizontal position and 
allowed to dry in air at room temperature. The 
polytetrafluoroethylene coating was then 
sintered to form a thin adherent film by heat- 
the plate to a temperature of 350' C for 
thirty minutes. 

The following boundary friction tests were 
performed on the coated plate using a load of 
4 kgs on a hemispherical slider with a speed 
ot_ sliding of 0.1 cm. per second. 
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At room temperature the coefficient of 
friction was extremely low, being 0.06 and 
less and the sliding movement along the track 
very smooth. 
5- The durability of the polytetrafluorocthylene 
^ fUm was very good, up to a thousand wear 
runs being made on the same track with very 
little increase in the co^efficient of friction. 
The co-efficient of friction at room 
in temperature is 0.06 and it remains at this value 
up to a temperature of about 200" C. with 
smooth sliding. As the temperature is raised 
the co-efficient of friction then falls gradually 
to a very low value, being from 0.02 to o.oi 
10 at approximately 300* C. or more. The break- 
down temperature was not determined but it 
is probably well over 350' C. 

Even on a somewhat worn track (e.g. after 
a thousand wear runs) the coefficient of fric- 
20 tion never exceeded about 0.17 up to 200' C. 
What I claim is : — 

r. A process for coating metal surfaces with 
a film^ of polytetrafluoroethylene of the kind 
in which a film of polytetrafluoroethylene is 
2o formed in situ on a surface by depositing 
thereon a layer of particles from a dispersion 



of that substance in a liquid mediimi, drying 
the resulting layer and heating the same to 
sintering temperature and cooling to form an 
adherent film, wherein the metal surface to be 30 
coated is first oxidized for the purpose 
specified, or wherein the metal surface is pro- 
tected during the heating treatment by the 
use of an inert liquid of high boiling point or 
by an atmosphere of inert gas, or by an electro- 35 
deposited film of noble metal, for example, 
silver, or wherein the polymer is deposited on 
a porous sintered metal surface. 

2. Bearing liners comprising a metal bear- 
ing surface with an adherent film of polytetra- 40 
fluOToethylene produced by the process as 
herein described. 

3. Metal articles comprising a corrosion- 
resistant coating produced by the process as 
herein described. 45 

4. The process for coating metal surfaces 
with • polytetrafluoroethylene substantially as 
hereinbefore described. 

W. G. LLEWELLYN, 
Chartered Patent Agent, 
Agent for the Applicant. 
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I, Minister of Supply, of Shell Mex 
oO House, Strand, London, W.C.2, do hereby 
declare the nature of this invention to be as 
follows: — 

This invention relates to the coating of 
surfaces with a film of polytetrafluoroethylene 
and to the articles so coated. 

According to the invention, a film of polv- 
tetrafluoroethylene is formed in situ on 'a 
surface by depositing thereon particles from 
a dispersion of polytetrafluoroethylene in a 

60 liquid medium — advantageously an aqueous 
medium — drying the resulting coating and 
sintering it to yield an adherent film. 

Manifestly the invention is applicable to the 
coating of metals, ceramics, stone and m fact 

65 any refractory material capable of withstand- 
ing heating to the sintering temperature i.e. 
about 350° C. 

The dispersion of polytetrafluoroethylene 
may either be one expressly prepared for the 

70 purpose of the invention or advantageously, 
the suspensoid in water resulting from the 
emulsion polymerisation of polytetrafluoro- 
ethvlene. 

It is found that the most adherent and 
durable coatings are thin ones deposited from 
a moderately dilute dispersion containing say 
from about 5—10% of polnetrafluoroethylene. 
According to the invention moreover, steps 
gn ^2ken to achieve an intimate bonding 
benveen the thin polytetrafluoroethylene film 
and the substrate. Thus for example, in the 



case of a metal substrate, the surface thereof 
may be provided prior to deposition thereon 
of the polytetrafluoroethylene coating with a 
pre-formed fine adherent oxide film to which 80 
the polytetrafluoroethylene film is keyed. Good 
results have been obtained in the case of a 
copper substrate with a preformed oxide film 
not more than about 2,000 A thick. In cases 
where a satisfaaory polytetrafluoroethylene 90 
film can be produced on a clean metal surface, • 
it may be necessary to protect the metal sub- 
strate during the sintering operation and 
immediately thereafter from excessive oxida- 
tion by heating and quenching the coated 95 
article in an inert liquid of high boiling point 
such as for example tetracresyl silicate. Alter- 
natively the heating and cooling may be 
carried out in an inCTt gaseous atmosphere 
e.g. of nitrogen. lOO . 

Another method of preventing excessive 
oxidation which may be suitable in some 
circumstances, is to provide the metal sub- 
strate with an electro deposited film of noble 
metal such. as for example silver. Moreover, 105 
very good adhesion may also be obtained by 
depositing the polytetrafluoroethylene 
particles on a porous sintered metal surface. 
^ According to a further feature of the inven- 
tion, a very good bond bet^^-een the polvtetra- 110 
fiuoroethylene film and the solid substrate, and 
appUcable also to porous substrate, is to 
deposit the coating by electrophoresis of the 
aqueous suspensoid. 
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Still a further method according to the 
J invention of producing an adherent polytetra* 

fluoroethylene film upon a non-metallic ot at 
least non-conducting substrate ccHBprises the 
h step of first causmg this substrate and the 
disperse phase of the polytetrafluoroethylene 
dispersion to take up opposite polarities. TTiis 
may be brought about for exanq>le by treating 
the substrate with an anion-active surface 
10 agent and the dispersion with a cation-acdve 
surface active agent or vice versa before 
depositing and drying the coating. The 
opposite polarities dius iaduced result in a 
firm and intimate bond between the resulting 
15 film and its support. 

The iovention is applicable inter alia to die 
production erf very efEcient and durable bear- 
ing liners for bearing surfaces particularly 
where the presence of oil is undesirable or 
20 where high temperatures or corrosive condi* 
tions are likely. The inventicm is applicable in 
general^ to the production of corrosion- 
resistant coating on articles and especially to 
the production of chemically resistant and 
26 corrosion-resistant coating on metal articles 
such as reaction-vessels, valves for handling 
corrosive liquids and so forth. 

The invention will now be illustrated with 
reference to the production of a thin bearing 
30 liner upon a copper bearing surface. 

A film of a 5% aqueous polytetrafluoro- 
ethylene suspensoid was placed on a degreased 
pre oxidised copper surface placed in a 



horizontal position and allowed to dry in air 
at room tmiperature. The polytetrafluoro- 35 
ethylene coating was then sint^^ to form a 
thin adherent film by heating the plate to a 
temperature of 350** C for tfirty mmutes. 

TTie following boundary friction tests wee 
performed on the coated plate usmg a load of 40 
4 kgs. on a hetnispherical slider with a speed 
of sliding of o.i cm./seconds. 

At roMi temperature the coefiSdent of 
friction was extremely low, being o«o6 and 
less and the sliding movement alcmg the track 45 
very smooth. 

The durability <rf the polytetrafluoroediy- 
lene film was very good, up to a thousand 
wear runs being made on the same trad: with 
very little increase in the coefficient rf friction. 50 
Effect of TEMPEiuimE. 

The coefficient of friction at room 
temperature is o.oS and it remains at this 
vdue up to a temperature <rf about 200 C. 
with smootii sliding. As die t^nperaturc is 55 
raised the coefficient ^ friction then falls 
gradually to a very low value, being from 0.02 
to o.oi at approximately 300* C. and over. The 
breakdown temperature was not attained but it 
is probably wcQ over 350* C. 80 

Even on a worn track (Le. a diousand wear 
runs) die coefficient of friction never exceeded 
about 0.17 up to 200* C. 

Dated the 23rd day <rf August, 1940. 
C. E. BELL, 
Agent for the Applicant. 
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